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Amount
Nutrient sufficiency strategy

A strategy of applying sufficient nutrients for crop growth, without
overapplying nutrients, is called nutrient sufficiency strategy, or agronomic
rate. In a manure utilization system, you must know the crops to be grown,
their nutrient requirements, and when they are actively taking up nutrients. You
will also need to estimate and document realistic yield expectation (R.Y.E.).
From this information, one is able to calculate the amount of manure that can
safely be applied.

Insufficient applications will result in nutrient deficiencies, which can
reduce crop yield and quality as well as decrease utilization of manure
nutrients. Excessive applications can negatively affect both the plant and the
environment. The effect of too much fertilization on plant growth depends on
the crop and nutrients involved. In most cases, too much P and K have little
effect on plant growth and yield unless so much is applied that salt injury
results. However, too much P in the soil may have negative environmental
consequences with P leaving the site.

Too much N can reduce yields by making plants more susceptible to
diseases and insects, increasing lodging, and stimulating vegetative growth at
the expense of fruit or grain production. Excess metals, such as copper and
zinc, can be toxic to plants. In extreme cases, soil concentrations of these
metals can be high enough to limit or prevent the growth of certain crops. Soil
levels of nutrients should be regularly checked (recommend annually) with a
soil test for each field receiving manure.

Soil test results give recommendations for nutrient applications for major
plant nutrients (N, P, K), secondary plant nutrients (calcium, magnesium,
sulfur), and micronutrients. Most manure utilization plans target N and P;
therefore, they are the major nutrients on which to base manure application
rates. Because P is not a highly mobile nutrient in the soil, soil testing for P
gives a relatively accurate assessment of P availability in the soil and P needs
for subsequent crops.

Nitrogen, however, is highly mobile in the soil and is constantly going
through transformations such as mineralization, leaching, volatilization, and
immobilization. Therefore, soil testing for N results in less accuracy. Some
areas in the United States use soil nitrate testing for pre-plant or pre-sidedress
N recommendations. Where sample results can be obtained quickly, this test
is valuable and can assist the farmer with nutrient (fertilizer or manure)
applications. However, with N application, using crop data and R.Y.E. results
are generally a better tool than soil testing to determine N application rates.

Table 31-6. Nitrogen residual following some legume crops.

Pounds of N Available

Crop Type for Next Crop, Per acre

Peanuts 20-40

Clover 40-100

Alfalfa 50-125

Soybeans 30-45

Hairy vetch 80-100

A strategy of
applying sufficient
nutrients for crop
growth, without
overapplying
nutrients, is called
nutrient sufficiency
strategy, or
agronomic rate.
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Crop selection and nutrient requirements
To determine the amount of manure to apply, you must know the nutrient

requirements of the crops to be planted. Crops are an integral part of the
system. In a manure management system, the function of the crop is to

• Use the applied nutrients.
• Prevent soil erosion.
• Take up water.
• Provide food and habitat for organisms in the soil that further break

down and use the manure.
• Provide economic return.

Without a crop to actively utilize nutrients and prevent erosion, nutrients
applied in manure could be washed directly into surface streams or leached
into the groundwater. The vegetative cover reduces the potential for runoff
and erosion from an area. The root system in a cover crop holds soil together
and provides a network of openings, or pores, for water to infiltrate (move
into) soil rather than run off.

When selecting a crop, there are numerous considerations other than
nutrient requirement. Two such considerations are ease of management and
economic value of the crop. Ease of management varies with cropping
system. Other factors to be considered include

• Adaptation to the local climate.
• Ability to use nutrients when manure applications must be made.
• Harvest requirements.
• Marketability and profitability.
• Yield.
• Suitability to soil conditions.

Crops vary in their ability to use nutrients. Some examples of the nutrient
uptake by common crops are shown in Table 31-7. Please note that this table
is generalized for the United States, and specific data for your region should
be obtained from local experts with the NRCS, Cooperative Extension
Service (CES), or land-grant university.

Realistic Yield Expectations (R.Y.E.)
Final crop yields are not determined by soil fertility alone. Other factors

such as soil management, climate, plant population, timing, pest control, and
variety selection are also important. Because the amount of nutrients required
by a crop usually varies directly with the yield, expected yields must be
estimated on different fields. Yields vary with weather conditions, soils,
cultivars, pest pressure, level of management, and many other factors;
therefore, the best way to estimate yield potential is to use existing production
records. Where records are available, you can average the three highest yields
in five consecutive crop years for the field. Increased yields due to the use of
new, improved varieties and hybrids should be considered when yield goals
are set for a specific field. Realistic yield expectations is the estimated crop
yield for a given field.

Where records are not available, as with most new operations, some
method of estimating yield is needed. The NRCS, in conjunction with state
Agricultural and CES specialists, put together R.Y.E. values for agricultural
soils. These values are based on inherent soil properties and long-term
observations. They are intended to represent high levels of management but

To determine the
amount of manure
to apply, you must
know the nutrient
requirements
of the crops to be
planted. Crops are
an integral part
of  the system.

When selecting a
crop, there are
numerous
considerations
other than nutrient
requirement.
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Table 31-7. Plant nutrient uptake by specified crop and removed with the

harvested part of the crop.

Crop N P
2
O

5
K

2
O Units

Grain Crops

Barley (Grain)  0.87  0.37  0.25 lbs/bu.
(Straw)  15.00  5.04  30.12 lbs/ton

Buckwheat (Grain)  0.79  0.34  0.26 lbs/bu.
(Straw)  15.60  2.29  54.46 lbs/ton

Corn Grain  (Grain)  0.90  0.36  0.27 lbs/bu.
(Stover)  22.20  9.16  32.29 lbs/ton

Oats  (Grain)  1.27  0.51  0.38 lbs/bu.
(Straw)  12.60  7.33  40.00 lbs/ton

Rice  (Grain)  0.63  0.25  0.12 lbs/bu.
(Straw)  12.00  4.12  27.95 lbs/ton

Rye  (Grain)  1.16  0.33  0.33 lbs/bu.
(Straw)  10.00  5.50  16.63 lbs/ton

Sorghum  (Grain)  0.94  0.46  0.28 lbs/bu.
(Stover)  21.60  6.87  31.57 lbs/ton

Wheat (Grain)  1.25  0.85  0.38 lbs/bu.
(Straw)  13.40  3.21  23.37 lbs/ton

Oil Crops

Flax  (Grain)  2.29  0.71  0.57 lbs/ton
(Straw)  24.80  5.04  42.17 lbs/ton

Peanuts  (Grain)  36.00  3.89  6.02 lbs/1,000 lbs
(Vines)  46.60  10.99  42.17 lbs/ton

Rapeseed  (Grain)  1.80  0.90  0.46 lbs/bu.
(Straw)  89.60  19.69  81.20 lbs/ton

Soybeans  (Grain)  3.75  0.88  1.37 lbs/bu.
(Stover)  45.00  10.08  25.06 lbs/ton

Sunflower  (Grain)  35.70  39.16  13.37 lbs/1,000 lbs
(Stover)  30.00  8.24  70.36 lbs/ton

Fiber Crops

Cotton  26.70  13.28  10.00 lbs/1,000 lbs
(Seed Stalk)  17.50  5.04  17.47 lbs/1,000 lbs

Pulpwood  0.12  0.05  0.07 %
(Bark & branches)  0.12  0.05  0.07 %

Forage Crops

Alfalfa  45.00  10.08  45.06 lbs ton
Bahiagrass  25.40  5.95  41.69 lbs/ton
Big bluestem  19.80  38.93  42.17 lbs/ton
Birdsfoot trefoil  49.80  10.08  43.86 lbs/ton
Bluegrass-pastd.  58.20  19.69  46.99 lbs/ton
Bromegrass  37.40  9.62  61.45 lbs/ton
Clover-grass  30.40  12.37  40.72 lbs/ton
Dallisgrass  38.40  9.16  41.45 lbs/ton
Guineagrass  25.00  20.15  45.54 lbs/ton
Bermudagrass 37.60 8.70 33.73 lbs/ton
Indianagrass 20.00 38.93 28.92 lbs/ton
Lespedeza 46.60 9.62 25.54 lbs/ton
Little bluestem 22.00 38.93 34.94 lbs/ton
Orchardgrass 29.40 9.16 52.05 lbs/ton
Panagolagrass 26.00 21.53 45.06 lbs/ton
Paragrass 16.40 17.86 38.31 lbs/ton
Red clover 40.00 10.08 40.00 lbs/ton
Reed canarygrass 27.00 8.24 – lbs/ton
Ryegrass 33.40 12.37 34.22 lbs/ton
Switchgrass 23.00 4.58 45.78 lbs/ton
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Table 31-7. (continued)

Crop N P
2
O

5
K

2
O Units

Forage Crops (continued)

Tall fescue  39.40  9.16  48.19 lbs/ton
Timothy  24.00  10.08  38.07 lbs/ton
Wheatgrass  28.40  12.37  64.58 lbs/ton

Silage Crops

Alfalfa haylage  27.90  7.56  27.95 lbs/ton
Corn silage  7.70  4.01  9.19 lbs/ton
Forage sorghum  8.64  2.61  7.37 lbs/ton
Oat haylage  12.80  5.13  9.06 lbs/ton
Sorghum-sudan  13.60  3.66  17.47 lbs/ton

Sugar Crops

Sugarcane  3.20  1.83  8.92 lbs/ton
Sugar beets  4.00  1.37  3.37 lbs/ton
Sugar beet tops  8.60  1.83  24.82 lbs/ton

Tobacco

All types  37.50  7.56  60.00 lbs/1,000 lbs

Vegetable Crops

Bell peppers  8.00  5.50  11.81 lbs/ton
Beans, dry  62.60  20.61  20.72 lbs/ton
Cabbage  6.60  1.83  6.51 lbs/ton
Carrots  3.80  1.83  6.02 lbs/ton
Cassava  8.00  5.95  15.18 lbs/ton
Celery  3.40  4.12  10.84 lbs/ton
Cucumbers  4.00  3.21  7.95 lbs/ton
Lettuce (heads)  4.60  3.66  11.08 lbs/ton
Onions  6.00  2.75  5.30 lbs/ton
Peas  73.60  18.32  21.69 lbs/ton
Potatoes  6.60  2.75  12.53 lbs/ton
Snap beans  17.60  11.91  23.13 lbs/ton
Sweet corn  17.80  10.99  13.98 lbs/ton
Sweet potatoes  6.00  1.83  10.12 lbs/ton
Table beets  5.20  1.83  6.75 lbs/ton

Source:  NRCS Agricultural Waste Management Field Handbook 1992.

should be viewed as estimates only, since they may not reflect irrigation, new
cultivars, and improved management tools. Information on your soils may be
obtained through the NRCS county field office. Local farmers, fertilizer
dealers, and custom harvest companies may also be able to provide yield
data.

Once a R.Y.E. is determined for a soil type, the required amount of N to
apply can be determined. Table 31-7 can be used to determine the N
requirement.
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E X A M P L E  3

How much N should be applied when growing corn (for grain)

where the R.Y.E. is 140 bushels/acre?

From Table 31-7, the N requirement is 0.90 lb N/bushel of grain.

N application rate =

140 bu/acre x 0.90 lb N/bushel = 126 lbs N/acre

crop nutrient (N) requirement (lb/acre)

pounds of N from manure analysis

126 lbs N/acre

10.4 lbs N/1,000 gal

gal (or tons) of manure produced annually

manure application rate, gallons (or tons)/acre

E X A M P L E  4

What is the manure application rate for the above cornfield if

you are surface broadcasting dairy manure slurry without

incorporation? The recent manure analysis shows 10.4 pounds

of available N per 1,000 gallons of slurry (Note: Without a

manure analysis, this number is generated from Tables 31-1

and 31-2).

Manure Application rate (gal/acre) =

Manure Application Rate (gal/acre) =

= 12,115 gal/acre

Knowing your manure application rate allows you to calculate
the total acreage you need for manure appplication. This is
determined by

Acres needed for manure application =

Knowing your
manure application
rate allows you to
calculate the total
acreage you need
for manure
application.
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320,000 gal/year

12,115 gal/acre

E X A M P L E  5

If your dairy operation generates approximately 80 tanker

loads of manure slurry per year, at 4,000 gallons per tanker

(total of 320,000 gallons per year), how many acres of corn

(for grain) are required to handle the manure application

(based on N)?

Acres needed for manure application =

    = 26.4 acres

Of course, if you are using several crop types, this must be
done for each crop type (see summary worksheets at the end
of the lesson).

realistic yield (lbs, tons, or bushels)

acre

lbs PAN

unit of yield

5 tons

acre
37.6 lbs PAN

ton of yield

E X A M P L E  6

Farmer Ortiz uses 50 acres of bermudagrass for manure

application and grazes cattle on the land in a rotational

sequence. He expects to produce 5 tons of hay per acre based

on the soil type. How much PAN per acre must he apply to

meet his needs for grazing?

To find the amount of plant-available N per acre to be applied,

Application rate (lbs PAN/acre) =

×

Application rate (lbs PAN/acre) = ×

=  188 lbs PAN/acre

Current guidelines show that the PAN rate for grazed land is
60% to 75% of the hay PAN rate. The 188 pounds PAN per acre
rate above must be adjusted for the grazing as follows:

Application rate (lbs PAN/acre) =
188 lbs PAN/acre × 0.7 = 132 lbs PAN/acre*

*Note: 70% factor used for pasture.
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Manure application rates
With values for plant-available nutrient content of the manure (from

sampling or from Tables 31-1 and 31-2) and R.Y.E.s for the crop, we can now
determine the manure application rate for the field. If you have a plan (or
state regulations) that requires both N- and P-based limits for manure
application, then you must determine which nutrient limits the manure
application volume. Let’s look at a specific example.

As you can see, the manure application will be restricted by the crop’s P
needs. Compared to the application rate required by N, about 2.5 times the
land area will be required (assuming this same crop) to handle the manure
generated at the farm. Worksheets in Appendix C may be used to summarize
acreage needs for manure utilization plans based on N and P. In the above
case, if the manure were applied to meet the crop’s P needs, supplemental N
from another source would be required. See Example 8 to determine how this
is calculated.

125 lbs N/acre

2.0 lbs N/10,000 gal

crop P requirement (lbs/acre) from
soils test

Lbs of P from manure analysis

80 lbs P/acre

3.5 lbs P/10,000 gal

crop N requirement (lbs/acre)

Lbs of N from manure analysis

E X A M P L E  7

If Farmer Jones’ manure analysis shows 2.0 pounds N per

1,000 gallons of lagoon liquid and 3.5 pounds of P
2
O

5
 per

1,000 gallons, what is his manure application rate to apply

125 pounds of N per acre?

Manure application rate (gal/acre) =

Manure application N rate (gal/acre) =

=  62,500 gal/acre

This will supply the proper amount of N to the corn crop. Now
let’s determine the manure application rate based on P. The
application rate based on P then is as follows:

Manure application rate (gal/acre) =

Manure application N rate (gal/acre) =

= 22,857 gal/acre
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Manure typically provides more P than the crop needs when applying to
meet N needs. Crop uptake of N and P is in a ratio ranging from 4 to 9
pounds of N per pound of P. Manure is generally excreted at an N to P ratio
of 2 or 3 to 1. This often causes a buildup of P in the soil, leading to high or
very high soil test P levels. Because of this, where manure utilization plans
are based on N, fields receiving livestock manure require regular soil testing
with close monitoring of P levels. If you do not have enough land to handle
the manure produced, several options and explanations are provided in
Lesson 25, Manure Treatment Options.

Soil test recommendations
No one plant nutrient is more important than any other. All are essential

for plant growth and expected yields. While we focus on N and P in nutrient
management plans, a complete nutrient balance is needed for a crop to
complete its growth cycle. Many of the micronutrients, for example, boron,
copper, zinc, manganese, and molybdenum, are adequately supplied by the
soil’s natural reserves. However, a representative soil test (and sometimes
plant tissue analysis) is necessary to verify the adequacy of all plant nutrients.
Producing a healthy, productive crop is crucial to sustained use of manure in
agricultural systems.

Figure 31-4 Crop stress due to nutrient deficiency or toxicity is costly to the

producer and the environment.

While we focus on
N and P in nutrient
management
plans, a complete
nutrient balance is
needed for  a crop
to complete its
growth cycle.
…a representative
soil test…is
necessary to verify
the adequacy of all
plant nutrients.

E X A M P L E  8

How much supplemental N is required in the previous example?

Farmer Jones applies 22,857 gal/acre based on the crop’s
P needs. This will supply

22,857 gal/acre x 2.0 #N/1,000 gallons manure = 45.7 #N/acre

Since the target rate for N is 125 #/acre, the supplemental N
needed is

125 #N/acre - 45.7 #N/acre = 79.3 #N supplemented
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With the exception of N, soil testing is a means of determining soil levels
and recommended application amounts of most other plant nutrients. Soil
testing for N was mentioned above. To assess soil N levels, some growers use a
pre-sidedress nitrate test prior to planting or fertilizer sidedressing. Soil testing
is also necessary to determine soil pH and to obtain lime recommendations that
adjust the soil pH to a range suitable for crop growth. Most soil test labs will
give a nutrient recommendation for N, P, K, and the secondary nutrients and
micronutrients, if needed. These recommendations are typically in pounds per
acre.

Many labs use some type of index or reference value for plant nutrients.
These indexes may be categorized as low, moderate, high, and very high, and
are based on the “expected” plant response to additional nutrients. They
correspond to a recommendation for a nutrient application. If a manure
utilization plan is based on P, for example, and the soil test level of P is high
(no recommendation for additional P), then the operator should consider
other options for manure utilization. These options include

• Applying manure to another field or farm.
• Applying manure based on P removal for the subsequent crop, and

supplement the crop with commercial N and K for additional needs, as
required.

• Reducing the nutrients in your manure by further treating the manure
prior to application.

• Allowing crops to “mine” existing P from the soil before adding more.

One of the most important pieces of information to be gathered from the
soil test is the recommendation for lime to obtain proper soil pH. Nutrient
availability in soils is very dependent on proper soil pH. If soil pH is not
closely monitored (recommend annually for fields receiving manure
applications), nutrient availability and uptake may be very different from
expected results.

Placement
Application method

Manure placement affects a crop’s ability to utilize most of the applied
nutrients and the likelihood of manure runoff from the site. Application to the
soil surface typically results in greater potential for N loss through
volatilization (escape as a gas) and runoff than where manures are
incorporated (mixed with the topsoil) or injected. Uniformity of nutrient
applications and distance from the root system can also influence crop
response to nutrient applications. The method of application can also affect
odor. Careful placement also means irrigating at rates that prevent runoff.

Nutrient losses
Manure placement can affect the efficiency of crop use and the likelihood

of nutrient loss from the soil. Surface-applied nutrients are more subject to
loss by erosion from heavy rains, and under dry conditions, will remain on
the soil surface and be unavailable to plant roots. Surface-applied lagoon
liquids contain ammonium-N, which can escape as ammonia gas.
Incorporation into the soil improves crop utilization. Solid manures such as
feedlot pen manure contains very little ammonium-N, making incorporation
less critical for conserving N. Surface-applied P is easily lost in runoff unless

Manure placement
affects a crop’s
ability to utilize
most of the applied
nutrients and the
likelihood of
manure runoff from
the site.


